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Alkhumra  hemorrhagic  fever  virus  (AHFV)  is a  novel  ﬂavivirus  identiﬁed  ﬁrst  in Saudi  Arabia.  In  this  study,
successful  propagation  of  AHFV  in the  brains  of  newborn  Wistar  rats  is described  and  the  median  rat  lethal
dose  (RLD50) is  determined.  AHFV-RNA-positive  human  sera  diluted  1:10  were  injected  intracerebrally
into  16,  ≤24 h  old  rats.  Post-inoculation,  the rats  were  observed  daily  for  30  days.  Brains  of  moribund
rats  were  tested  for AHFV-RNA  using  RT-PCR  and  cultured  in LLC-MK2  cells.  The  titer  of  the  isolated
virus  was  determined  and  expressed  in  median  tissue  culture  infectious  dose  (TCID50). To  determine
the  RLD50,  AHFV  brain  suspension  was  10-fold  diluted  serially  and  each  dilution  was  inoculated  in thelkhumra hemorrhagic fever virus
ropagation
istar rats
edian rat lethal dose
cerebral  hemispheres  of 10 rats  for  a total  of 90  rats. Three  days  post-inoculation,  the  rats  developed
tremor,  irritability,  convulsion,  opisthotonus,  and  spastic  paresis  starting  in  the  hind  limbs  and  ascending
to  involve  the whole  body.  All  infected  rats  died  within  3–7  days  with  histopathologically  conﬁrmed
meningoencephalitis.  AHFV-RNA  was  detected  in  the  brains  of all  infected  rats  and  the  virus  titer  was
109.4 RLD50/ml.  The  virus  titer in  LLC-MK2  was  108.2 TCID50/ml.  In conclusion,  AHFV  was propagated
 in  th
 2014successfully  to high  titers
©
. Introduction
Alkhumra hemorrhagic fever virus (AHFV) is a new hemorrhagic
ever ﬂavivirus identiﬁed ﬁrst in Saudi Arabia. It is a member of the
ick-borne encephalitis group in the genus Flavivirus of the fam-
ly Flaviviridae. It was ﬁrst isolated in 1995 from 6 patients living
Abbreviations: AHFV, Alkhumra hemorrhagic fever virus; CPE, cytopathic effect;
MEM, Eagles minimum essential medium; FCS, fetal calf serum; FITC, ﬂuorescein-
sothiocyanate; ICTV, International Committee on Taxonomy of Viruses; IFAT,
ndirect ﬂuorescent antibody test; LLC-MK2, rhesus monkey kidney cell line; PBS,
hosphate buffer saline; RT-PCR, reverse transcriptase-polymerase chain reaction;
LD50, median rat lethal dose; TCID50, median tissue culture infectious dose.
∗ Corresponding author at: Department of Medicine, King Abdulaziz University,
O  Box 80215, Jeddah 21589, Saudi Arabia. Tel.: +966 2 640 8348;
ax: +966 2 640 8344; mobile: +966 5 57774666.
E-mail addresses: tmadani@kau.edu.sa, taamadani@yahoo.com (T.A. Madani).
166-0934 © 2014 The Authors. Published by Elsevier B.V. 
ttp://dx.doi.org/10.1016/j.jviromet.2013.12.004
Open access under CC BY-NC-NDe brains  of  newborn  Wistar  rats.
 The  Authors.  Published  by  Elsevier  B.V.  
in Alkhumra district in Jeddah, the main sea-port in the west-
ern border of Saudi Arabia (Qattan et al., 1996). In 2001–2003,
Madani re-identiﬁed the disease and described 20 conﬁrmed cases
in the holy city of Makkah, 75 km from Alkhumra district in Jeddah,
and proposed the name ‘Alkhumra’ be given to the virus after the
geographic location from which it was  isolated originally (2005).
Unfortunately, Alkhumra hemorrhagic fever virus was misnamed
as ‘Alkhurma’ virus in many scientiﬁc publications due to a typo-
graphical error where the letters ‘m’  and ‘r’ were transpositioned
(Madani, 2005; Madani et al., 2011, 2012a,b; Liebert, 2012). The
International Committee on Taxonomy of Viruses (ICTV) has cor-
rected this mistake recently and approved the name ‘Alkhumra’ as
the correct name of the virus (Pletnev et al., 2011). From 2003 to
2007, 8 conﬁrmed cases of AHFV infections were reported sporadi-
cally from Najran near the southern border of Saudi Arabia (Madani
et al., 2011). Subsequently, a signiﬁcant outbreak of AHFV infection
Open access under CC BY-NC-ND license.occurred in Najran in 2008–2009 with 70 conﬁrmed cases reported
(Madani et al., 2011). Recently, two  travelers returning to Italy from
southern Egypt were conﬁrmed to be infected with AHFV (Carletti
et al., 2010).
 license.
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Epidemiological data suggest that AHFV is transmitted to
umans from livestock animals (sheep, goats, or camels) by direct
ontact with these animals or the mosquito bites (Madani, 2005;
adani et al., 2011). Despite the close phylogenetic similarity
etween AHFV and Kyasanur Forest disease virus, epidemiological
ata did not suggest that ticks were playing an important role in the
ransmission of AHFV from animals to humans, although, their role
s a reservoir of the virus in its ecologic niche and as vectors trans-
itting the virus among animals is conceivably possible (Madani,
005; Madani et al., 2011). Many aspects of this new virus are still
nknown including the natural reservoir of the virus, the mode of
ransmission from the natural reservoir to livestock animals and
umans, the role of ticks and mosquitoes in the transmission and
aintenance of the virus, the pathophysiology of human infection,
nd the type of immunity that develops post-exposure. All of these
spects have been poorly researched to date. The lack of suitable
xperimental animals has further hindered research in this ﬁeld.
evelopment of animal models is an important step to study the
athophysiology and other epidemiological features of this newly
escribed virus. The present study describes successful propaga-
ion of AHFV in the brains of newborn Wistar rats, describes the
istopathological changes that occur in the brain and other organs,
nd determines the median rat lethal dose (RLD50).
. Materials and methods
.1. Study patients
From March 18th to April 4th, 2009, when an AHFV outbreak was
ecognized initially in Najran, blood samples were collected from
even patients with suspected AHFV hemorrhagic fever. Details of
his outbreak were published recently by the authors (Madani et al.,
011).
.2. Blood samples
Whole blood was collected separately in EDTA and plain
acutainers (BD Vacutainers®, Becton, Dickinson and Company,
lymouth, UK) from each of the seven patients. EDTA specimens
ere spun in a refrigerated centrifuge at 277 × g for 10 min  and the
lasma was collected and stored in 0.5 ml  aliquots at −86 ◦C. The
lood samples in the plain containers were left to clot and the serum
as separated by low-speed cooled centrifugation and stored at
20 ◦C. The plasma and serum specimens were transported sub-
equently on dry ice in IATA-compliant containers from Najran
o the Special Infectious Agents Unit, a biosafety level 3 virology
aboratory, at King Fahd Medical Research Centre, King Abdulaziz
niversity, Jeddah, Saudi Arabia.
.3. Detection of AHFV-RNA by real time reverse
ranscriptase-polymerase chain reaction (RT-PCR)
.3.1. RNA preparation
Human sera, plasma, virus suspension from LLC-MK2 cell
ulture, passage 2, harvest, uninoculated LLC-MK2 cell culture
uspension, and 10% rat brain suspensions were each cleared by
entrifugation in a refrigerated tabletop centrifuge at 12298 × g for
0 min  to obtain cell-free samples. Viral RNA was extracted from
40 l of the cell-free ﬂuid using the QIAmp viral RNA kit (Qiagen,
ilden, Germany) without modiﬁcation. RNA was eluted in 50 l
liquots..3.2. Primers and probe design
A pair of primers (AHFV S1: 5′ – GTG AGT GGC GCT TTG TTTG TA
nd AHFV R: 5′-CCC CCT TTC CTT TAA GGA CG) and the correspond-
ng 5′ – nuclease detection probe (TBV TM:  6FAM-ACA GCT TAGcal Methods 199 (2014) 39–45
GAG AAC AAG AGC TGG GGA XT—PH) were designed with Primer
Express software (Applied Biosystems, Weiterstadt, Germany),
and synthesized by Tib Molbiol, Berlin, Germany based on AHFV
sequence published by Charrel et al. (2005). The 5′-nuclease probe
was labeled with 6-carboxyﬂuorescein at the 5′ end and with 6-
carboxy-N,N,N′,N′-tetramethylrhodamine at the 3′ end. The 3′ end
of each probe was  phosphorylated to prevent elongation during
PCR as described previously (Holland et al., 1991; Livak et al., 1995).
2.3.3. Real time RT-PCR conditions
The one-step real time RT-PCR system combining superscript
reverse transcriptase with platinum Taq-polymerase (Life Tech-
nologies, Karlsruhe, Germany) was  used in 5′-nuclease assay. The
reaction mix contained 10 l of master mix  provided with the
kit (including the basic level of MgSO4), 40 ng of bovine serum
albumin (Sigma, Munich, Germany) per l, and 2 l of RNA.
The 20-l assay of the Light Cycler reaction capillary for AHFV
RT-PCR with 5′-nuclease probe detection involved reverse tran-
scription at 50 ◦C for 30 min, initial denaturation at 95 ◦C for 15 min,
and 45 cycles at 95 ◦C for 1 s and then at 57 ◦C for 30 s. Fluo-
rescence was  read at the combined annealing-extension step at
57 ◦C.
2.4. AHFV inoculation into newborn Wistar rats
Experimental infection of the rats was performed in a biosafety
level-3 facility. AHFV-RNA-positive human serum from the ﬁrst
patient (patient no. 1, Table 1) was diluted 1/10 with phosphate
buffer saline (PBS), pH 7.4, and then 20 l of this dilution was
injected intracerebrally into each of 16 conventional in-house bred
newborn (≤24 h old) Wistar rats. A control group of 4 newborn
Wistar rats were mock injected intracerebrally with AHFV-RNA-
negative human serum. The 16 experimentally infected newborn
rats, divided into two groups of 8 infected rats, 1 control rat, and
their two non-inoculated mothers were housed separately and
weighed and observed daily for 30 days to detect any signs of illness
or death. The two  remaining control rats were housed separately
with their non-inoculated mother. Moribund rats were euthanized
and their brains were harvested, homogenized, suspended in 10%
Hanks’ balanced salt solution with 10% fetal calf serum (FCS), and
then centrifuged at 1107 × g for 15 min. The supernatant was tested
for AHFV-RNA using RT-PCR and cultured in LLC-MK2 cells as
described below. Additionally, brains, livers, spleens, and kidneys
from infected and control rats were examined histopathologically
as described below.
2.5. Determination of the RLD50
AHFV isolated in the brains of newborn Wistar rats inoculated
with serum from the ﬁrst patient (patient no. 1, Table 1) was
selected as the prototype of this outbreak and it was passaged 2 sub-
sequent times in the brains of newborn rats. A 10% brain suspension
of this third passage was prepared and used as the virus stock upon
which further titrations were performed. The suspension was  10-
fold diluted serially with PBS, pH 7.4. Aliquots of 20 L from each
dilution were each inoculated in the left cerebral hemispheres of
10 newborn Wistar rats. A total of 90 rats, 10 rats for each dilution,
were thus inoculated. All inoculated rats were observed daily for
any clinical manifestations or death for a total of 30 days. The brains
of any dead rats were harvested, homogenized in 10% Hanks’ bal-
anced salt solution with 10% FCS, and then centrifuged at 1107 × g
for 15 min. The supernatant was  tested for AHFV-RNA using RT-PCR.
The RLD50 titer was calculated according to the method of Reed and
Muench (1938).
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Table  1
Alkhumra hemorrhagic fever virus (AHFV) RNA detection in patients’ serum and plasma, and in the brains of newborn Wistar rats by RT-PCR and AHFV culture in LLC-MK2
inoculated with brain suspension from moribund infected rats.
Patients Direct detection of AHFV-RNA by RT-PCR Detection of AHFV RNA in the brains of
newborn Wistar rats by RT-PCR
Recovery of AHFV from rat brain
suspension cultured in LLC-MK2 cells
Plasma Serum
1 + + + +
2  + − + +
3  − + + +
4  + + + +
5  + + + +
6  − − − −
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, positive; −, negative.
.6. Adaptation of the AHFV to grow in the LLC-MK2 cells
The prototype virus in the form of newborn rat brain suspension,
assage 1, was inoculated onto the continuous monkey kidney cell
ine (LLC-MK2) monolayers as follows: the cell monolayers were
rown in Corning screw-cap tissue cell culture tubes at 37 ◦C in
agles Minimum Essential Medium (EMEM) supplemented with
0% FCS and antibiotics (100 U/ml penicillin and 100 g/ml strep-
omycin). When the monolayers were 70% conﬂuent, each tube
ad the growth medium removed and was inoculated with 0.1 ml
f the undiluted newborn rat brain suspension and incubated at
7 ◦C for 1 h to adsorb. This was followed by the addition of 1 ml  of
MEM maintenance medium containing 2% FCS and incubation at
7 ◦C with daily observation for discernible cytopathic effect (CPE).
hen the CPE affected 90% or greater of the monolayer, the tubes
ere placed at −86 ◦C. This was followed by thawing, vortexing the
ontents, spinning for 10 min  at 429 × g. The supernatant ﬂuid was
ollected and used undiluted to inoculate new monolayers of the
LC-MK2 cells as described above.
.7. Virus titration in the LLC-MK cell culture
The micro system for titration of the isolated prototype virus
ield, passage 2, from the LLC-MK2 cell culture was  employed uti-
izing 96-well tissue culture microplates. The virus suspension to be
itrated was diluted in EMEM supplemented with 2% FCS. To each
ell of the microtiter plate, 50 l of EMEM,  supplemented with
% FCS, were added. Ten-fold dilution series of the virus suspen-
ion was made in sterile vials. For each virus dilution, 5 replicates
ere used. Starting from the highest to the lowest dilution, 50 l
f the virus dilutions were added to the relevant wells. This was
ollowed by the addition of 50 l of cell suspension containing106
ells per ml  in EMEM supplemented with 2% FCS to each well at
 concentration of 106 per ml.  The plates were covered and incu-
ated at 37 ◦C in a CO2 incubator. The plates were examined daily
or discernible CPE and the ﬁnal reading was made after 7 days. The
irus titer was calculated according to Reed and Muench (1938).
ontrol wells containing uninoculated cell culture were included
n the test.
.8. Histopathological examination
The brain, liver, spleen, and kidney from control and eutha-
ized moribund infected rats were ﬁxed in 10% neutral-buffered
ormalin for at least 24 h. Tissues were dehydrated in graded alco-
ols, cleared with xylene, and inﬁltrated and embedded in parafﬁn.
issues embedded in parafﬁn were cut at 4 m and mounted on
lass slides. Sections were stained with hematoxylin and eosin (H
 E) stain and examined for microscopic changes under a light
icroscope.−
2.9. Indirect ﬂuorescent antibody test (IFAT)
The IFAT was  used to conﬁrm identity of the prototype AHFV
isolate, passage 2, in the LLC-MK2 cells which were inoculated
with brain suspension from moribund newborn rats. Forty-eight
hours after inoculation, the cell culture monolayers were har-
vested. The cells were pelleted by centrifugation for 10 min  at
429 × g and deposited on Teﬂon coated 8-well slides. The slides
were air dried inside a biosafety cabinet and ﬁxed in chilled ace-
tone/methanol (1:1) for 20 min. The wells were overlaid with 20 l
(1:200 dilution in PBS pH 7.4) of hyperimmune mouse ascitic ﬂuid
containing polyclonal antibodies against AHFV prepared using the
same procedure previously described (Brandt et al., 1967). Slides
were incubated in a moist chamber at 37 ◦C for 60 min  before they
were washed three times in PBS pH 7.4. The bound antibody was
detected with ﬂuorescein-isothiocyanate (FITC)-conjugated goat
anti-mouse IgG (Sigma, St. Louis, USA) with 0.2% Evans blue (Sigma,
St. Louis, USA). The slides were washed, mounted with Fluoprep
(BioMerieux, Marcy L’Etoile, France) and examined using a Leitz
ﬂuorescence microscope with appropriate excitation and barrier
ﬁlters for FITC.
2.10. Ethical approval
King Abdulaziz University’s policy on the care and use of labo-
ratory animals was followed. Ethical approval was obtained from
the Research Ethics Committee at the Faculty of Medicine, King
Abdulaziz University, Jeddah, Saudi Arabia.
3. Results
3.1. AHFV-RNA detection in patients’ sera and plasma by RT-PCR
Five of the seven patients had detectable AHFV RNA in their
plasma or serum (Table 1). AHFV RT-PCR was positive both in
plasma and serum in 3 patients (patient 1, 4, 5), in plasma alone in
one patient (patient 2), and in serum alone in one patient (patient
3).
3.2. AHFV inoculation into newborn Wistar rats
Three days post inoculation, the rats inoculated with AHFV-
infected specimens developed neurological manifestations charac-
terized by tremor, irritability, convulsion, opisthotonus, and spastic
paresis starting in the hind limbs and ascending to involve the
whole body (video 1). All AHFV-inoculated rats died within 3–7
days post inoculation; 8 rats died 3 days post-inoculation, 5 rats
died 6 days post-inoculation, and the remaining 3 rats died 7
days post-inoculation. Viral-RNA was detected in the brains of all
AHFV-inoculated rats (Table 1). All AHFV-inoculated newborn rats
ate poorly and they were dehydrated, emaciated, and smaller in
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big. 1. Five Alkhumra hemorrhagic fever virus (AHFV)-intracerebrally inoculated 
noculation showing failure to thrive and emaciation of the AHFV-inoculated rats.
ize when compared to the control rats (Fig. 1). Pre-inoculation,
he weight of the rats ranged from 8.6 to 10.4 g, with a mean of
.5 ± 0.6 g. Seven days post-inoculation, the weight of the surviv-
ng AHFV-inoculated rats ranged from 6.0 to 9.2 g with a mean of
.5 ± 1.2 g, whereas that of the control rats ranged from 9.1 to 11.0 g,
ith mean of 10.0 ± 0.7 g.
The three non-inoculated mothers, the two control (mock-
noculated) newborn rats that were housed in the same cage with
he rats inoculated with AHFV-positive specimens, and the other
wo control newborn rats and their mother that were housed sep-
rately remained healthy for the entire 30 days of observation and
ere euthanized at the end of the observation period. No viral-
NA was detected in the blood, brains, hearts, lungs, livers, spleens,
idneys, testes, or ovaries procured from the euthanized control
ats.
Table 2 shows the incubation period, duration of illness, and
ortality among the 90 newborn Wistar rats that were inoculated
ig. 2. Comparison between control rats and infected rats’ brains: (a) normal cerebral p
ats’  brains showing inﬁltration of the parenchyma by mononuclear inﬂammatory cells w
rains showing meningeal inﬂammatory inﬁltrate (hematoxylin and eosin stain, 4×).and side) and one control (right-hand side) newborn Wistar rats ﬁve days post-
intracerebrally with 10-fold serially diluted brain suspension (10%)
of AHFV. The virus titer was 109.4 RLD50/ml.
3.3. Virus propagation and titration in LLC-MK2 cells
The CPE produced by the virus in the LLC-MK2 cells started as cell
rounding followed by cell aggregation, syncytia formation and cell
destruction. The time span from inoculation to complete destruc-
tion of the cell monolayer was 7 days. The virus titer of the LLC-MK2
was 108.2 TCID50/ml. Viral-RNA was  detected in the inoculated LLC-
MK2  cell culture but not in the uninoculated controls.
3.4. Histopathological examinationHistopathological examination of sections taken from newborn
control and AHFV-inoculated rats showed inﬂammatory changes
in the brain of the infected rats with perivascular and parenchymal
arenchyma of a control rat (hematoxylin and eosin stain, 10×); (b and c) infected
ith perivascular cufﬁng (hematoxylin and eosin stain, 20×); and (d) infected rats’
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vig. 3. Section from the liver (a, hematoxylin and eosin stain, 20×)  and the spleen
b,  hematoxylin and eosin stain, 4×) of a control rat showing extramedullary
ematopoiesis.
ononuclear cell inﬁltrates in the cerebral hemispheres, as well as
oderate leptomeningeal mononuclear cell inﬁltrate compatible
ith meningoencephalitis (Fig. 2a–d). The inﬁltration was patchy
ith no necrosis seen. No viral inclusion bodies were seen within
he brain cells. The cerebellar parenchyma was unaffected.
The livers and spleens from both control and infected newborn
ats showed marked extramedullary hematopoiesis expected in
his age (Fig. 3a and b). However, the livers of infected rats showed
oderate patchy portal mixed inﬂammatory inﬁltrate with no evi-
ence of interface hepatitis, parenchymal inﬁltrate, viral inclusions,
r necrosis (Fig. 4). The spleens and kidneys of infected rats showed
o inﬂammatory changes, viral inclusions, or other changes com-
ared to those of the control rats (Figs. 4b and 5a).
able 2
ncubation period, duration of illness, and mortality among 90 newborn Wistar rats inocu
irus  (AHFV).
Dilution of AHFV (10% brain suspension) No. of intracerebrally
inoculated rats
In
d
ra
10−1 10 
10−2 10 
10−3 10 
10−4 10 
10−5 10 
10−6 10 
10−7 10 
10−8 10 1
10−9 10 Fig. 4. Infected rats’ liver showing mixed inﬂammatory inﬁltrate within one of the
portal tracts with no interface hepatitis (hematoxylin and eosin stain, 20×).
3.5. IFAT
Fig. 6 shows the IFAT results before and after inoculation of
the LLC MK-2 cell culture with infected rat brain suspension. The
inoculated cells clearly express AHFV antigens in the cytoplasm.
4. Discussion
A dearth of information is thus far available regarding isolation
of AHFV in different laboratory animal species or cell culture. In the
present study, the suitability of newborn Wistar rats was examined
for propagation of AHFV. The results demonstrated that AHFV virus
was propagated successfully in the brains of newborn Wistar rats
resulting in neurological signs beginning 3 days after inoculation
with 100% mortality 3–7 days post inoculation. The virus from the
inoculated rat brains was  propagated successfully in monolayers of
the LLC-MK2 cell line, identiﬁed by the IFAT, and the viral RNA was
detected by the RT-PCR.
Histopathological examination of the brains of the inoculated
rats conﬁrmed meningoencephalitis. The inﬂammatory inﬁltration
was patchy with no necrosis seen. The pathological changes seen
in the brain were similar to those described in the brains of Powas-
san virus-infected mice, although in the latter some areas of the
cerebrum showed necrosis in the form of acute neuronal injury,
edema, and karyorrhexis (Holbrook et al., 2005). The Omsk hem-
orrhagic fever virus (OHFV)-infected mice were described to have
patchy meningoencephalitis with some evidence of perivascular
cufﬁng but no evidence of necrotizing lesions (Holbrook et al.,
2005). Although the lesions described in OHFV-infected mice were
not different in nature from those in AHFV-infected Wistar rats
lated intracerebrally with 20 l of serial dilutions of Alkhumra hemorrhagic fever
cubation period in
ays (mean ± SD,
nge)
Duration of illness in days
(mean ± SD, range)
Mortality (%)
3.7 ± 0.48 (3–4) 3.0 ± 0.82 (2–4) 10 (100)
4.6 ± 0.97 (4–7) 2.7 ± 0.82 (2–4) 10 (100)
7.0 ± 4.24 (3–16) 3.9 ± 2.02 (2–8) 10 (100)
5.6 ± 0.52 (5–6) 5.2 ± 1.03 (3–6) 10 (100)
5.7 ± 0.48 (5–6) 4.9 ± 1.91 (1–7) 10 (100)
5.8 ± 0.42 (5–6) 5.1 ± 0.99 (4–7) 10 (100)
7.5 ± 2.80 (6–15) 3.4 ± 0.84 (3–5) 9 (90)
3.6 ± 5.38 (6–18) 3.7 ± 1.57 (2–6) 3 (30)
0 0 0
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Fig. 6. Indirect ﬂuorescent antibody test (IFAT) results before (a) and after (b)ig. 5. Infected rats’ spleen (a, hematoxylin and eosin stain, 20×) and kidney (b,
ematoxylin and eosin stain, 4×) showing no histopathological abnormalities.
nd Powassan virus-infected mice, the localization was  different,
ith a striking involvement of the cerebellum in OHFV infection
Holbrook et al., 2005).
Histopathology of the livers showed moderate inﬂammatory
esponse around the portal tracts without interface hepatitis,
hereas that of the spleens and kidneys was completely normal.
pleens of the Powassan virus-infected mice showed prominent
ctivation of the cells in the white pulp with formation of ill-deﬁned
erminal centers containing tangible body macrophages. The red
ulp contained large macrophage-like cells (Holbrook et al., 2005).
he spleen’s white pulp of the OHFV-infected mice appeared to be
ess organized and less activated than that of the Powassan virus-
nfected mice and the red pulp was congested with mild increase in
umber of hematopoietic cells (Holbrook et al., 2005). The livers of
HFV-infected rats showed patchy mixed inﬂammatory inﬁltrate
n the portal tracts. This is similar to the changes seen in Powassan
irus-infected mice (Holbrook et al., 2005). In contrast, the livers of
he OHFV-infected mice appeared to have more severe inﬂamma-
ion, with evidence of mononuclear-cell inﬁltration and prominent
upffer cells (Holbrook et al., 2005). Similar to AHFV-infected rats,
he kidneys were essentially normal in Powassan virus- and OHFV-
nfected mice (Holbrook et al., 2005).
Recovery of AHFV from the brains of newborn Wistar rats inoc-
lated with serum of infected patients was superior to direct
etection AHFV-RNA from the serum or plasma. Rat inoculation
as positive in all ﬁve patients with conﬁrmed infection, whereas
nly four of the ﬁve patients were conﬁrmed with direct AHFV-RNA
etection from either serum or plasma. Previous reports also indi-
ated that rats were utilized successfully in propagation of anotherinoculation of LLC MK-2 cell culture with Alkhumra hemorrhagic fever virus (AHFV)-
infected rat brain suspension. The inoculated cells clearly express AHFV antigens in
the  cytoplasm.
ﬂavivirus, the Japanese encephalitis virus (Duffy, 1953; Ogata et al.,
1991; Kimura-Kuroda et al., 1993).
The exact reservoirs of AHFV remain unknown (Madani, 2005;
Madani et al., 2011). Current epidemiological data suggest clear
association of human infection with livestock animals particularly
sheep, goat, and camels despite the absence of any manifestations
of illness in such animals (Madani et al., 2011). Direct contact with
these animals or handling of their fresh raw meat is a strongly
suspected primary mode of transmission. Additionally, mosquitoes
seem also to be important vectors in the transmission of the virus
from animals to humans (Madani, 2005; Madani et al., 2011). The
recent report of successful propagation of AHFV in mosquito cells
lends further support to the speculated mosquito-borne mode of
transmission (Madani et al., 2012a,b). Because of the close phyloge-
netic similarity between AHFV and Kyasanur Forest disease virus,
ticks are believed to play an important role in the transmission
cycle of AHFV (Charrel et al., 2001). This is further supported by
the PCR-based detection of a virus closely related to AHFV from
an Ornithodoros sp. tick in Jeddah, and Ornithodoros savignyi and
Hyalomma dromedarii ticks in Najran, Saudi Arabia (Charrel et al.,
2007; Mahdi et al., 2011; Dodd et al., 2011). However, clinico-
epidemiological studies indicate that ticks do not seem to play
an important role in transmission from animals to humans even
though, the role of ticks as reservoirs of the virus in its ecologic niche
and as vectors transmitting the virus between animals and perhaps
also from animals to humans is conceivably possible (Madani, 2005;
Madani et al., 2011, 2012a,b).
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The role of rodents, shrews, and other animals in the transmis-
ion cycle of AHFV is yet to be elucidated. No animal experiments
o deﬁne the roles of such animals have been reported. Adaptation
o an animal model is an essential step to study this virus in depth.
istar rats are an outbred strain of albino rats belonging to the
pecies Rattus norvegicus (Krinke, 2000). This strain was developed
t the Wistar Institute at the University of Pennsylvania, USA in
906 for use in biological and medical research. It is the ﬁrst rat
train developed to serve as a model laboratory animal at a time
hen laboratories primarily used Mus  musculus, the common house
ouse (Krinke, 2000). In this study we were able to propagate the
irus in the brains of newborn Wistar rats which may  thus be uti-
ized in the primary isolation of AHFV from clinical specimens and
e further examined in pathogenesis studies of AHFV.
In conclusion, this study is the ﬁrst report to demonstrate
hat AHFV is capable of replicating in vivo in the brains of
ewborn Wistar rats causing neurological manifestations fol-
owed by death. The resultant virus titer of brain suspension
f the infected rats was 109.4 RLD50/ml. Newborn Wistar rat
ay thus be utilized for the primary isolation of AHFV from
linical specimens and propagation of high titered virus stocks.
istar rats may  also be useful for further experimental studies of
HFV.
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